A new method of optical guiding for the laser wakefield acceleration using an imploding phase of a gas-filled fast capillary discharge has been proposed. An imploding plasma column has a concave electron density profile in the radial direction just before a stagnation phase driven by a converging current sheet and shock wave. The feasibility of optical guiding of high intensity laser pulses using an imploding phase of the fast capillary discharge has been experimentally demonstrated over a distance of 2 cm corresponding to ~1 2 . 5 times the Rayleigh length. A high intensity laser pulse (> 10I7 W/cm2) focused on the front edge of the capillary has propagated through the center of the column maintaining its spot size. The electron density in the fully ionized channel is estimated to be 6.0 ~1 0 '~c c m -~ on the axis and 1.5 ~1 0 '~ ~m -~ on the peaks with the diameter of 70 pm.
INTRODUCTION
In order to increase the energy gain of electrons accelerated by the laser wake-fields, it is a critical issue to propagate a high intensity short laser pulse in a plasma larger than the vacuum Rayleigh length limited by diffraction.
[l] Several methods for extending the propagation distances of intense laser pulses have been proposed: relativistic self-guiding in a plasma [21 and guiding in preformed plasma channels generated by a focused laser pulse [3] or by slow discharge through a capillary in vacuum.
[4] For the optical guiding of laser pulses, the electron density profile must be symmetric in the radial direction and have a minimum on the axis, causing the wavefront to curve inward and the laser beam to converge. When this focusing force is strong enough to counteract the diffraction of the beam, the laser pulse can propagate over a long distance and maintain a small beam spot size in a plasma. For the guiding of intense ultrashort laser pulses shorter than the plasma wavelength, it is predicted that the relativistic self-channeling is ineffective in preventing diffraction, but the preformed plasma channel * Email:thasokai@hikari.tokaijaeri.go.lp can provide a robust optical guiding. [5] We have presented the first direct observation of optical guiding of high intensity laser pulses over 2 cm through a plasma channel produced by an imploding phase of fast Zpinch discharge in a gas-filled capillary.
FAST CAPILLARY DISCHARGE
A high current fast Z-pinch discharge generates strong azimuthal magnetic field, which contracts the plasma radially inward down to -100 pm in diameter. The imploding current sheet drives the converging shock wave ahead of it, producing a concave electron density profile in the radial direction just before the stagnation phase. The concave profile is approximately parabolic out to a radius of -50 fim, after which the density falls off.
In the research of capillary discharge pumped X-ray laser, it has been shown that stable and reproducible channel can be produced by this scheme, and this scheme can be scalable to form longer and higher density channels by tailoring of the implosion. [6J It was reported that a stable, liner plasma column over the length of 12 cm could be produced at an electron density of more than lOI9 c d . I71
For the laser wakefield acceleration (LWFA), a plasma channel with a density in the order of IO" cm-3 and a length of -10 cm will be required. [I] We have started a study of optical wave-guiding in the density range of 10I6 -10l8 c d as the first step for application of the channel guided LWFA. Since the density profile in the capillary depends strongly on the discharge process, we have experimentally investigated the discharge dynamics and plasma channel formation.
OPTICAL GUIDING EXPERIMENT
The typical experimental setup is shown in ner diameter of 400 pm which were made of molybdenum. The electrodes were cylindrically connected to a thyratron (EGCG HY-5) and four ceramic capacitors of 2 nF using four coaxial cables. The capacitor was charged up to 20 kV (1.6 J). With this configuration, the discharge current which was monitored by a Rogowski coil having a peak of 2.4 kA with a rise time of about 20 ns and a duration of 70 ns (FWMH). The capillary was filled with helium, under differential pumping at an initial pressure which was varied from 0.5 to 5 Torr. A DC discharge circuit was used to form an uniformly preionized helium gas.
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RESULTS
Figure2 shows a typical streak image of the plasma emission for the initial pressure of 0.9 Torr, together with the intensity profile along the radial direction at t = 8.5 ns. The emission from only the central portion of the capillary with a diameter less than 400 pm was imaged on the streak camera. We found that the compression of the column produced a luminous region at t = 2.5 ns, which exhibits good symmetry with respect to the axis. Then, the luminous region on the axis faded out during expansion of the column. Later, the second implosion driven by a larger current produced a brighter luminous region at t = 8.5 ns. It again maintains good symmetry with respect to the axis. In addition, as shown in Fig.2(b) , it had a clear dip with a width of 70 pm on the axis. The column oscillated in the radial direction several times while the main power pulse was alive. The radial intensity profile of the plasma emission was t = 8.5 ns.
We have observed the brightness and the radial profile of the transmitted He-Ne laser beam and high intensity Tisapphire laser pulses through the capillary at the exit. A typical streak image of the transmitted He-Ne laser beam profile through the capillary discharge plasma can be seen in Fig.3 . Since the observed time window of Fig.3 almost coincided with that of Fig.2(a) , the beam profile evolution could be correlated with the discharge dynamics. As shown in Fig.3 , the beam radius gradually contracted in the second implosion phase and a brightly enhanced smaller beam spot could be observed at the time (t -8.5 ns) when the luminous profile exhibited double peaks in Fig.2 . The observed spot image size ( diameter ) was -40 pm at the exit of the capillary. These results suggest that the guiding cluinticl was uiiiloiinly lomictl i n the cnrc of thu cduiiiii at tlic scciind implosion phase. I'igiii-i: 4 shows typical CCI) iiiiages ii( ttic traiisinittcil high intensity 'li-sapptiir-c laser pulse profilc through tlic capillmy discliargc plasiiia at t = 0 11s (a) Rlld at 1 -K.5 11s (1) 
